Engineering Tripos, Part 1A, 2023

Paper 3 Electrical and Information Engineering

Solutions
Section A: Prof T. Hasan
Section B: Prof O. Akan
Section C: Dr Q. Cheng



SECTION A
1. (short)
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SECTION B
6 (short)

(a) The signal exhibits a momentary state change when it is expected to stay intact primarily
due to propagation delays in the circuit. Static 0 and 1 hazard occur when the signal is expected
to stay at 0 and 1, respectively.

1 1 1

L

Static 1-hazard Static 0-hazard

b

(®) 2 00 01 11 10
cD
oo [1_[1 10 [0
o AL JT7[1 ]
11 (010 11 |1
.~ 0_T0 J0 [0 ;

This is the Karnaugh Map for function F. Clearly, for D=1 and C=0, F = A + A which
corresponds to the static 1 hazard situation. To address this hazard, the terms corresponding to
the red rectangle in the K-map above, i.e., CD, could be added to the function F,i.e., F = AC +

AD + CD

Similarly, we can obtain the complement of the function to see if there is a static 0 hazard, i.e.,
F=AC+AD - F =AC+ AD = AC.AD = A.A when C=1, D=0. Hence, there is a static
0 hazard. To mitigate it, the terms corresponding to the blue rectangle in the K-map, i.e., CD
could be added to the complement of the function F, i.e., F = AC + AD + CD.



7 (short)

(a) 4 states required as in the state diagram below and therefore 2 bistables will be sufficient to
implement the circuit.

AB=10

AB=01

~
O
~

Current State | Next State | Bistable Inputs
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8 (short)

(a) 21x8 bits = 2048 bits =2KBytes is the capacity of the memory chip.

(b)
D800w > 1101 | 1000 | 0000 | 0000

1
DFFF4 > 1101 11111111 |1111
J

) |
5-bits CS 11-bits the address space

> (S = A15A14A_13A12A11

Microprocessor Memory Chip
8 Data lines 8 Data lines
R/IW R/W

A Ag
Ay Ay
A, A,
Aj Aj
Ay Ay
Asg Asg
Ag Ag
Aq Aq
Ag
Ay A
Ao Al
Al _ o
Az Cs
A3
Alg
Als

Address valid




9 (long)
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SECTION C

10 (short)
QA OpL QBR
‘él 0‘1‘ (253
A B
[
Qs+ Qsr=Q

Qa=-Qs; Qc=- Qsr
(@Q)Da*A=Qa=a1*A

& * Eas = 1; & * Esc = a2
Vag = Eas * d1; Vac = Esc * d;
Eag * d1 = Eac * dy;

u_b_,
a, dy

Qa=Qs=-2.0%x107C
Qc=Qpr=-1.0x 107 C

(b) Vag = Vec = Eag * d1 = (a1 * d1)/ & =2.3x10°V

Oc

45)
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11 (short)

The location that B=0 must be within the same plane with the three wires. Assure the location that
B=0 is x away from the central wire, and so the total B can be given by:

Btotal = B1+B2+B3

B _ Ho! i Ho! _ Mol
total = omx * 2m(d +x)  2m(d —x)

1
Let Btota| = 0, X = i ﬁd = i0.5773 d;

x = 0 would also be a solution.



12 (long)

(a) Electric filed:

At R=1.0 cm, inside the conducting sphere, so E=0;
At R=3.0cm,
0

" 4meyR2
At R=6.0 cm, outside the outer surface that got connected to earth,
So E=0.

=3x10°V/m

(b) Capacitor of the concentric spheres:

Q=CV;
Q
C==
Y 1 1
V= ¢ dr = ¢ ———)
477:80R2 47'[50 Rl RZ
4‘7'[50 _12
_i_i_4.49><10 F
Ry Ry

(c) Total electrostatic energy:

1 1
w :ECVZ :EQV =1.01x107%]



